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This study was conducted to determine infestation levels of southern green stink
bug, Nezara viridula (L.), and green stink bug, Acrosternum hilare (Say), on host plants
including corn, cotton, soybean, sorghum, and non-crop vegetation in a multicrop
ecosystem. Stink bug infestations responsible for crop damage on vegetative and panicle
stages of grain sorghum planted on different dates were also investigated. Both N.
viridula and A. hilare appeared to establish a first generation on non-crop grasses
surrounding cultivated fields and then moved to soybean or cotton to begin a second
generation. These stink bugs did not appear to be attracted to corn or sorghum when
cotton and soybean were in attractive growth stages in the same ecosystem in this study.
A large population of N. viridula infested soybean during R5 (beginning seed) to R7
(beginning seed maturity) plant growth stages. Sorghum planted in May was not infested
with stink bugs, whereas sorghum planted in mid- to late June or early to mid-July was

infested with a large numbers of N. viridula, but not A. hilare. Movement of N. viridula
from soybean to sorghum coincided with attractive reproductive stages of sorghum.
Southern green stink bugs caused significant damage to sorghum when panicles
were caged and infested from milk stage to seed maturity or from soft-dough stage to
seed maturity with 4 adults or 10 nymphs per panicle. No reductions in seed weight or
seed germination were found when 5 adults were confined on sorghum panicles during
hard-dough to seed maturity. These data would suggest that economic thresholds for N.
viridula under conditions of this study were 3 adults or 6 to 9 nymphs per panicle for
sorghum in milk stage to seed maturity. The reductions in seed weight and seed
germination were associated with the number of stink bugs per panicle and the stage of
seed development.
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CHAPTER I
INTRODUCTION

Sorghum, Sorghum bicolor (L.) Moench, originated in the northeast quadrant of
Africa, spread into India and was taken to China in the early Christian era (University of
New Mexico 2000). Sorghum seed was introduced into the United States of America and
other parts of the world through slave trade from West Africa around the mid-19th
Century (Syngenta Foundation 2003). Before 1900, full-scale cultivation of sorghum had
started in Texas and Oklahoma (Syngenta 2006). In 2005, Mississippi growers planted
25,000 acres of grain sorghum and produced an estimated 80 bushels per acre (MSUcares
2006).
In 1994 sorghum ranked fifth among the most important cereal crops of the world
after wheat, Triticum aestivum (L.), rice, Oryza sativa (L.), maize, Zea mays (L.), and
barley, Hordeum vulgare (L.) in both total area planted and production (Young and
Teetes 1977, Syngenta 2006). Sorghum has an advantage over other grain crops because
it can withstand relatively harsh, hot, dry climates, and responds well to favorable
production conditions and irrigation (Cronholm et al. 1998).

Stink Bugs on Sorghum
Sorghum has been reported as a host plant for a number of species of Hemiptera
that feed on the panicles in North America. Many of the hemipterans are stink bugs
1

(Pentatomidae) and principally include southern green stink bug, Nezara viridula (L.),
brown stink bug, Euchistus servus (Say), and green stink bug, Acrosternum hilare (Say).
The leaffooted bug, Leptoglossus sp. (Coreidae) is another hemipteran pest often found
on sorghum (Hall and Teetes 1981, McPherson and McPherson 2000).
Certain stink bug species are abundant in some sorghum production areas, but not
in others. Most hosts for these panicle-feeding Hemiptera are uncultivated plants found
along roadsides, in pastures, and/or around the perimeters of crops (Hall and Teetes
1981). The use of transgenic cotton to control lepidopterous pests and the success of the
boll weevil eradication program have resulted in reduced use of insecticides in areas
where sorghum is grown in the same region. This reduction in pesticide use has allowed a
number of stink bugs associated with cotton to increase in numbers. Stink bugs move out
of cotton in late summer and infest other crops (Snodgrass et al. 2005).
Stink bugs usually move into sorghum soon after flowering. They lay barrelshaped eggs in clusters on leaves and other plant parts. Nymphs typically complete
development before sorghum matures. These insects have sucking mouthparts and feed
on developing seed within the panicle. Their feeding results in shriveled seeds, thus
reducing seed size and quality. They may feed on stems and other plant parts, but the
main damage is to the seed (DeWitt and Godfrey 1972, Buntin 2005). Sorghum is most
susceptible to stink bug damage during the milk and soft-dough stages, with little injury
to the hard-dough and mature seed stages (Buntin 2005). In general, the hemipterans
should be considered damaging pests from the time that the grain sorghum embryo is
visible until the grain is mature (Wiseman and McMillian 1971).
2

Southern Green Stink Bug
The southern green stink bug is believed to have originated in Ethiopia (Squitier
1997). Its cosmopolitan distribution occurs throughout the tropical and subtropical
regions of Europe, Asia, Australia, Africa, and the Americas, ranging in the United States
from Virginia to Florida and west to Texas and Oklahoma (Todd and Herzog 1980,
Schumann and Todd 1982, McPherson and McPherson 2000). In the Northern
Hemisphere, its distribution is limited to the warmer regions (Kent 1993). This stink bug
is an important pest on over 30 families of dicotyledonous plants and several monocots.
Major hosts include soybean (Glycine max L.), peas (Pisum sp.), cucumber (Cucumis
sativus L.), lettuce (Lactuca sativa L.), tobacco (Nicotiana tabacum L.), sorghum, tomato
(Lycopersicon esculentun L.), rice (Oriza sativa L.), and pecan (Carya illinoinensis
(Wangenh.) K. Koch) (Todd and Herzog 1980, Jones and Sullivan 1982, Panizzi and
Slansky 1985, Kent 1993, McPherson and McPherson 2000). Important weed hosts
include spiny amaranthus (Amaranthus spinosus L.), castor bean (Recinus communis L.),
popolo berry (Solanum americanum Mill), rattlepod (Crotalaria novaehollandiae L.),
spiderweed (Cleome spinosa L.), and cheese weed (Malva parviflora L.) (Mau and
Kessing 1991). Stink bugs in the southeastern Unites States can be found in weed hosts
such as showy crotalaria, Crotalaria spectabilis Roth, and coffee senna, Cassia
occidentalis L. (Todd and Herzog 1980).
The southern green stink bug has three or four generations per year in Louisiana
(Smith et al. 1986) and four in Florida (Todd 1989). Eggs are deposited in clusters of 40
to 130 eggs on the undersides of leaves (Mau and Kessing 1991, Cronholm et al. 1998).
3

The female usually oviposits on leaves in the upper portions of the plant canopy. The
eggs are white to light yellow in color and barrel shaped, with the top being flat with a
disc shaped lid (Todd 1989, Squitier 1997). On average, eggs hatch in five days (Harris
and Todd 1980, Kiritani and Hokyo 1962). However, according to Squitier (1997), the
incubation time for eggs is five days in summer and two to three weeks in early spring
and late fall. The eggs turn pinkish in color as incubation continues.
Newly emerged nymphs are reddish and stay on the egg mass for 48 hours or
longer (Squitier 1997). The immature stink bug sheds its skin five times before becoming
a winged adult. Adults are shield-shaped, 1.3 to 1.9 centimeters long, and approximately
0.8 centimeter wide. They are usually apple-green to jade-green color, but may
occasionally be reddish brown. The winter color change from green to russet in this
species is an indicator of reproductive diapause (Brennan et al. 1977, Harris et al. 1984).
They become active in the spring when temperatures rise above 210C (Syngenta 2006).
Although adults begin emerging from their overwintering quarters during March, they do
not usually become a problem on sorghum until much later in the growing season. Stink
bugs increase in number during spring, usually infesting soybean before moving to
sorghum (Velasco and Walter 1992). Adults can live for several months (Mau and
Kessing 1991) and stink bug adults reach their highest levels in September or October in
Florida (Squitier 1997).
On sorghum, the southern green stink bug feeds on panicle stems, rachis
branches, and glumes, but it is primarily a seed feeder that causes a reduction in yield and
seed germination. Feeding injury to plants also provides entrance points for disease
4

organisms. Apparently, the site of the feeding puncture is more important in limiting seed
germination than the number of punctures on the seed (McPherson and McPherson
2000). However, the amount of yield loss is directly related to the density of stink bugs
on sorghum (Hall and Teetes 1981).

Green Stink Bug
The green stink bug, previously referred to as the green soldier bug, occasionally
causes serious injury to a wide variety of plants. Outbreaks are usually confined to a
locality and often recur yearly. Because this insect creates openings at feeding sites that
can be used by opportunistic pathogens, it is possible for only a few individuals to inflict
injury (Underhill 1934).
Green stink bugs may be found throughout the United States, particularly in the
south portion (USDA 1967). Records indicate that it occurs from Quebec through
southern Canada and south to Florida, Texas, Arizona, and California (Underhill 1934,
McPherson and McPherson 2000). This stink bug can be distinguished from southern
green stink bug by the spine that extends forward beyond the coxae of the metathoracic
leg; that of the southern green stink bug is shorter, not reaching the middle of the coxae.
The green stink bug is highly polyphagous, but shows a distinct preference for woody
shrubs and trees. In contrast, the southern green stink bug prefers herbaceous annuals
(Jones and Sullivan 1982).
The green stink bug adult is shield-shaped, 1.3 to 1.9 centimeters long and 0.8
centimeter wide. Adults do not lay a large number of eggs compared with some other
5

stink bugs. Females may deposit 4 to 5 clusters of 76 eggs on average. The length of the
incubation period in the field is about 7 to 10 days (Underhill 1934). Nymphs develop
through five instars before molting to adults (Simmons and Yeargan 1988).
The green stink bug, as with most stink bugs, overwinters as an adult (Miner
1966, McPherson 1982). The species seems to prefer leaf litter of deciduous plants for
overwintering sites and has been reported to be univoltine in the northern United States
(Schoene and Underhill 1933, Underhill 1934, Esselbaugh 1948, Javahery 1990,
McPherson and McPherson 2000). A sequence of host plants with overlapping periods of
seed and fruit production is necessary for this stink bug to develop large populations
during its life cycle. This stink bug is reported to be bivoltine in Arkansas, with the first
generation occurring on wild hosts, especially dogwood, Cornus drummondi (Ashm), and
a second generation occurring on soybeans (Miner 1966). Later infestations were higher
on soybeans if the crop was near wild host plants.
Like southern green stink bug, green stink bug adults and nymphs feed on
sorghum stems, braches, glumes, and seeds (Hall et al. 1983). Damaged seeds rarely
develop fully and may become infected with fungi (Cronholm et al. 1998).

Crop Damage
The successful use of economic thresholds by those making pest management
decisions depends on the availability of reliable and practical methods for estimating
insect density and crop damage. Reliable economic thresholds have been developed for
panicle-feeding insects on sorghum, such us corn earworm, Helicoverpa zea (Boddie),
6

but threshold levels for stink bugs on sorghum need to be better defined. Although
thresholds are based on number of insects per sorghum panicle, little information is
available on the efficiencies of methods to estimate the number of insects per panicle
(Merchant and Teetes 1992).
A damage threshold, the level at which crop yield is reduced due to insect
damage, on sorghum is reported to be four stink bug adults per panicle from milk stage to
seed maturity (Negron and Riley 1987, McPherson and McPherson 2000). According to
Hall and Teetes (1982b), southern green stink bug, conchuela, and leaffooted bug
reduced sorghum seed germination when panicles were infested from milk, soft-dough,
or hard-dough stages of grain development to seed maturity. In comparing the three
stages of panicle development, reductions in seed germination were much less when
panicles were infested from hard-dough stage to seed maturity than at the earlier stages of
panicle development. Germination of sorghum seed was reduced 61.0, 45.5, and 58.3
percent from damage by these three species, respectively, when tested separately and
when at least 16 stink bugs per panicle damaged grain during the last ten days of seed
development before seed maturity. However, significant reductions in seed germination
were not observed when either two or four stink bugs per panicle were tested. The large
reduction in percent germination that occurred when panicles were infested from milk
and soft-dough stages to seed maturity may have been influenced by seed molds
associated with direct insect injury to the seed (Daugherty 1966) or by opportunistic
pathogens (Kilpatrick and Hartwing 1955, Daugherty 1966).

7

Stink Bugs Responsible for Diseases
Stink bug feeding injury and disease organisms are responsible for kernel
discolorations on rice (Lee et al. 1993). Control of both insects and pathogenic organisms
can alleviate the problem of discolored seed.
According to many researchers, stink bug damage is associated with yeast spot
disease caused by the fungus Nematospora coryli Pedlioni on soybean (Daugherty 1966,
Clarke and Wilde 1970, Russin et al. 1987). Yeast spot disease caused by this ascomycete
results in small, irregular, brown, necrotic lesions on the surface of developing seeds.
Stink bug vectors remain infectious for life and may transmit the fungus at 60 percent of
their feeding sites. Several crop plants, in addition to soybean, are susceptible to yeastspot disease (Cook 1981). The yeast-spot fungus is usually vectored on citrus by sapsucking pentatomid insects though insect punctures (Shiva 2005).
In 1962, Daugherty (1966), isolated N. coryli from soybean that had been
damaged by the green stink bug and also found 5 other pentatomids associated with the
fungus. Foster and Daugherty (1969) found N. coryli was harbored internally in all 3
green stink bug body regions, but was most often associated with the stylets, salivary
receptacles and hindgut of field-collected stink bugs. The fungus was not isolated from
eggs, exuviae or feces.
Sorghum panicles infested with stink bugs from milk stage to seed maturity, and
to a lesser extent from soft-dough stage to seed maturity, showed a high incidence of seed
mold, especially at an infestation level of 16 stink bugs per panicle (Hall and Teetes
1982b). No significant reductions in sorghum seed weight occurred when panicles were
8

infested from hard-dough to seed maturity at up to 16 southern green stink bugs per
panicle. These data indicated that stink bugs caused more damage to sorghum when
infestation began during early grain development (Hall and Teetes 1982a). Clarke and
Wilde (1970) and Wiseman and McMillian (1971) suspected that stink bug feces created
a favorable habitat for microorganisms attacking sorghum seed. According to McMillian
and Wiseman (1972), the longer the period from bloom to maturation for a given
sorghum variety, the greater the severity of stink bug feeding damage on the seed.
During 2005-2006, field and laboratory studies with stink bugs were conducted at
the Rodney R. Foil Plant Science Research Center at Mississippi State, MS and in the
laboratory of the Entomology and Plant Pathology Department at Mississippi State
University. Objectives of these studies were to determine southern green stink bug and
green stink bug density levels on host plants including non-crop vegetation, corn, cotton,
soybean, and sorghum, to determine populations of stink bugs on vegetative and panicle
stages of grain sorghum planted on different dates, and to determine stink bug infestation
levels responsible for crop damage when sorghum was infested at different stages of
panicle development.

9
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CHAPTER II
STINK BUGS ON GRAIN SORGHUM AND OTHER HOST PLANTS IN A CROP
ECOSYSTEM IN MISSISSIPPI

ABSTRACT
A two-year study was conducted to determine stink bug relationships with
sorghum and other cultivated crops and non-crop vegetation in a multi-crop ecosystem in
Mississippi. Corn, Zea mays (L.), cotton, Gossypium hirsutum (L.), and soybean, Glycine
max (L.) plots were planted adjacent to sorghum, Sorghum bicolor (L.) Moench, on six
dates from mid-May to mid-July in 2005 and 2006. Southern green stink bug (SGSB),
Nezara viridula (L.), was by far the dominant stink bug species in this crop ecosystem,
although the green stink bug (GSB), Acrosternum hilare (Say), infested soybean and
cotton late in the crop growing season. A relatively small number of SGSB and GSB
were collected on non-crop grasses surrounding the crop plantings. This vegetation
served as a food source for stink bugs before they moved to cultivated crops. In this study
cotton and soybean, but not corn, served as host for SGSB and GSB before they moved to
sorghum. High densities of SGSB and low densities of GSB adults and nymphs infested
soybean during reproductive stages of the crop, with greatest numbers of stink bugs
collected from early seed development (R5) to beginning seed maturity (R7) growth
stages. No stink bugs were collected on sorghum planted in May; whereas, sorghum
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planted in early June was infested with moderate numbers of SGSB. Southern green stink
bug populations increased during June and infestations of adults and nymphs on sorghum
planted in mid-to late June or early to mid-July were moderate to large. Movement of
SGSB from soybean to sorghum coincided with attractive reproductive stages of
sorghum.

INTRODUCTION
Sorghum, Sorghum bicolor (L.) Moench, has been reported as a host plant for a
number of species of panicle-feeding bugs in North America, including southern green
stink bug (SGSB), Nezara viridula (L.), and green stink bug (GSB), Acrosternum hilare
(Say) (Hall and Teetes 1981). Large infestations of stink bugs on sorghum panicles have
been reported and may cause economic damage to sorghum seed, depending on number
of bugs per panicle, time during seed development that the sorghum is infested, and
duration of the infestation (Hall et al. 1983).
Corn, Zea mays (L.), is an early season host for SGSB and GSB (McPherson and
McPherson 2000). Southern green stink bug causes greatest damage when corn is 25 to
50 centimeters in height. Young corn plants infested with SGSB show degrees of injury
varying from slight wilting of the central leaves of the whorl to death of the entire plant
(Clower 1958). Both SGSB and GSB are capable of causing significant damage to corn,
particularly when plants are at the V15 stage (top ear is 1.5 to 2.0 cm long) (Negron and
Riley 1987, Townsend and Sedlacek 1986).
Stink bugs are perhaps the most damaging insect pest on soybean, Glycine max
(L.), in the southern United States because of the direct yield loss associated with pod
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feeding and secondary losses in seed quality caused by the introduction of pathogens
(Gore et al. 2006). Collectively, the SGSB, GSB, and brown stink bug (BSB), Euschistus
servus (Say), comprise the major stink bug complex on soybean in the southern United
States (Turnipseed and Kogan 1976). These insects begin emerging from their
overwintering quarters during March, but do not usually become a problem in soybean
until September and October (Jones and Sullivan 1982).
In the United States, the SGSB has increased in importance as a pest in cotton,
Gossypium hirsutum (L.), mainly because of the decrease in use of broad-spectrum
insecticides in this crop (Greene and Turnipseed 1996). According to Williams (2005),
total losses during 2004 for stink bug pests, including SGSB and GSB, were estimated at
$54.4 million for the cotton industry across the United States.
Gore et al. (2006), in discussing stink bugs on soybean, Glycine max (L.)
Merr. concluded that research should focus on studying movement of stink bugs among
soybean plantings at different stages of physiological maturity, as well as among other
cultivated and wild hosts. The objective of the present study was to determine stink bug
infestations on sorghum in different plantings, and on weed hosts and other cultivated
crop plants in a multi-crop ecosystem.

MATERIALS AND METHODS
This stink bug study on sorghum, other cultivated crops, and non-crop vegetation
was conducted at the Rodney R. Foil Plant Science Research Center, Starkville, MS
during 2005 and 2006. The hybrid sorghum Terral TV-1050 was planted on six dates
from mid-May to mid-July each year. Crop production recommendations of the
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Mississippi State University Extension Service (MSUcares 2005) were followed. Four
replicated plots for each planting were each 12 rows by 18.3 meters long. The six
plantings were established in a randomized complete block design in both years.
Sorghum was planted 12 and 23 May, 2, 13 and 24 June, and 5 July in 2005. Soil
temperature was adequate for sorghum seed germination at time of first planting. Corn
(Pioneer 33M53), cotton (Delta Pine 432 RR), and soybean (Pioneer 95B96, Group V)
were planted on 12 May in 2005 and 15 May in 2006 in small plots each separately on a
side adjacent to the sorghum plots. Vegetation on the fourth side consisted of trees,
woody shrubs, grasses, and herbaceous plants. In 2006, sorghum plots were planted 15
and 26 May, 7, 19, and 30 June, and 12 July in the same designed system as in 2005. All
crops were planted with 0.97 m- row spacing.
Crop and non-crop vegetation was sampled for stink bugs beginning 28 April in
2005 and 2 May in 2006, and continued weekly until the crops were harvested and noncrop grasses were killed by cold weather. Due to differences in plant growth structure,
three different sampling methods were used to determine stink bug infestation levels. A
38-cm diameter sweep net was used to sample non-crop border grasses. Four samples of
25 sweeps each were taken at random locations in the area to be sampled. Cotton and
soybean were sampled using a 0.91-m white ground cloth. The cloth was placed on the
ground between two rows and the plants on each side of the cloth were beaten downward
to dislodge insects onto the cloth for counting. Four random samples were taken from
each crop each week. Flags were used to mark sample sites to prevent sampling the same
area in successive weeks. Sorghum and corn were sampled by visually inspecting whole
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plants at four sites (1.82 row-meters per sample) on each sample date. Stink bug nymphs
and adults in each sample from different plant growth stages were counted and recorded.
Sorghum plots were mechanically harvested using a Massey Ferguson 8XP
combine (AGCO Corp., Duluth, G.A) at crop maturity, recording seed weigh from the
middle four rows of each plot. All data were subjected to one-way analysis of variance
(ANOVA) using PROC GLM procedures, and treatment means were separated by
Duncan’s multiple range test (SAS 9.1 version) (SAS Institute 2002).

RESULTS

Stink Bugs on Weeds, Corn, Cotton, and Soybean-2005
Green stink bug and SGSB were encountered in very low numbers on non-crop
grasses and cotton during the sampling period from May to November. Southern green
stink bugs were collected on grasses only on 6 June (1 nymph), 21 July (2 adults), 2
September (5 nymphs), and 9 September (1 adult). No stink bugs were collected on the
other non-crop plants sampled. Rice stink bug (RSB), Oebalus pugnax pugnax (Fab.),
adults were collected in relatively large numbers (average 20 adults per 100 sweeps) on
grasses on all sample dates (May to November). Three RSB were collected on corn, 1
adult on 4 July at flower stage and 2 adults on 28 July during milk stage. No other stink
bugs were collected on corn. Only 4 SGSB were collected on cotton, 2 adults on 4
September and 2 adults on 26 October. One GSB adult was collected on cotton on 4
August.
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Southern green stink bug adults were first detected on soybean on 8 July during
R1 (beginning bloom) soybean development stage (Fehr and Caviness 1977), but it was
not until 26 August (soybean in R5, beginning seed) that stink bug density began to
increase (Fig. 1). Adult SGSB density peaked at 12 adults per 1.82 row-meters on 30
September (R6, full seed). Green stink bug adults were first collected on soybean on 23
September during the R6 stage and peaked at 1.3 adults per 1.82 row-meters on 30
September and 7 October during R6- R7 (beginning maturity) stages. Of the two stink
bug species collected on soybean, 86% were SGSB and 14% were GSB.

Stink Bugs on Weeds, Corn, Cotton, and Soybean-2006
Severe drought from May through July (May, 6.0 cm; June, 4.4 cm; July, 5.7 cm)
followed by abundant rainfall during August through November (August, 11.4 cm;
September, 17.9 cm; October, 26.7 cm; and November, 9.24 cm) in 2006 had a negative
effect on crop and non-crop grass development. The drought stressed plants were infested
with low numbers of stink bugs. Two GSB nymphs were collected on 20 May and 3
SGSB adults were collected on 19 June on grassy non-crop vegetation. No stink bugs
were collected on corn or cotton in 2006. As in 2005, only SGSB and GSB were
collected on soybean in 2006. Southern green stink bugs were first collected on soybean
on 31 July (R2, full bloom) and the number of adults peaked at 0.8 per 1.82 row-meters
on 18 and 25 September at R6 stage plants (Fig. 2). Green stink bug was not collected on
soybeans until 4 September when plants were in R5 – R7 stages at a density of 0.3 adults
per 1.82 row-meters (Fig. 2).
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Stink Bugs on Sorghum-2005
Southern green stink bug was not observed on sorghum in the 12 and 23 May
plantings in 2005 (Fig. 3). Southern green stink bug adults were first observed in midAugust on the 2 June sorghum planting when sorghum was in the milk stage (Fig. 4).
Nymphs of this species appeared on the 2 June sorghum planting at a level of 2.3 per 1.82
row-meters on 23 September when sorghum seed was in late seed maturity stage. Adults
and nymphs of SGSB were collected in higher numbers on the 13 June sorghum planting
(Fig. 5) than on the 2 June sorghum planting (Fig. 4). Both adults and nymphs were
collected at the level of 4.8 per 1.82 row-meters on 23 September (hard-dough stage) and
7 October (mature seed stage), respectively.
Southern green stink bug adult and nymph infestations increased on sorghum
planted 24 June compared with earlier plantings, increasing to peak levels of 5.2 and 4.8
per 1.82 row-meters on 23 September and 7 October, respectively (Fig. 6). Adults
reached highest level (16.3 per 1.82 row-meters) on sorghum planted 5 July when seeds
were in milk stage, but no nymphs were recorded at this seed stage (Fig. 7).
The stink bug population on sorghum panicles mainly consisted of SGSB and
GSB at 89 to 96% and 4 to 11%, respectively, over the four sorghum plantings with these
stink bugs in 2005 (Fig. 8). Southern green stink bug adults were first observed on
sorghum panicles at milk stage on 12 August in the 2 June planting (Fig. 4). Each of the
following plantings in June and July were also initially infested by SGSB adults during
the milk stage of seed development (Figs 5, 6, and 7). Green stink bug adults were not
collected on sorghum until 9 September (2 and 24 June plantings) when sorghum seed
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was in milk to soft-dough stages. Although GSB nymphs were collected on sorghum in
the 13 and 24 June plantings, indicating that this stink bug can multiply on sorghum,
neither adults nor nymphs were collected at a level greater than 1.0 per 1.82 row-meters
(Figs. 5 and 6). This suggests that GSB adults can infest sorghum and multiply on this
host, but not in large numbers.
Sorghum planted 2 June (Fig. 4) and 13 June (Fig. 5) was initially infested with
SGSB adults in low numbers (less than 2 per 1.82 row-meters), in mid-to late August;
whereas, sorghum planted 24 June (Fig. 6) and 5 July (Fig. 7) was not infested with this
stink bug species until early September. Sorghum planted 5 July had peak SGSB
infestation (16.3 adults per 1.82 row-meters) on 16 September when sorghum panicles
were in milk stage. The infestation on this planting was significantly higher than on the
other plantings (F= 4.26, df= 3,15, P= 0.0260). Southern green stink bug adults and
nymphs remained on sorghum panicles during late September at seed maturity of
sorghum planted 2 June, although at a relatively low level (2 per 1.82 row-meters). Adult
SGSB numbers declined during late September to mid-October during the mature seed
stage in the 13 June planting, although nymph infestation reached highest level (4.8 per
row-meters) for this planting at this time. Adults and nymphs were at about the same
levels in late September and early October in the 24 June planting as in the 13 June
planting. The large infestation of SGSB adults in the 5 June planting declined in late
September and early October, as in the 13 June and 24 June plantings; whereas SGSB
nymphs remained at low levels (not more than 2 per 1.82 row-meters) through sorghum
seed development. By mid-October when sorghum seed was mature, the infestations of
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SGSB adults in each of the last four sorghum plantings were not significantly different
(F= 0.87, df= 3,15, P=0.5498). Sorghum seed yield was significantly greater (F=7.18, df=
5, 23, P= 0.0007) in the 12 May and 2 June plantings that had no stink bugs than in the
24 June and 5 July plantings that were infested with stink bugs.

Stink Bugs on Sorghum-2006
As in 2005, SGSB and GSB adults and nymphs were not observed on sorghum in
the first two plantings (15 and 26 May) (Fig. 9). The density of SGSB adults generally
was lower in 2006 than in 2005 (Figs. 3 and 9, respectively). Green stink bugs were
collected at very low levels (less than 1.0 adult per 1.82 row-meters) and only in October.
Drought conditions in Mississippi prevailed throughout much of the 2006 growing season
in comparison with 2005, thus having a negative affect on crop development. The
drought stressed plants may not have been attractive to the stink bugs.
Southern green stink bug adults were collected on sorghum from 25 September
through 23 October, 2006. The 7 June planting was not infested with SGSB adults until
early October when a low number of stink bugs (0.3 per 1.82 row-meters) were collected
on sorghum seed in hard-dough stage (Fig. 10). This species did not increase in number
on the mature seed. The SGSB infestation on the 19 June planting increased to a higher
level (1.8 per 1.82 row-meters) than that observed in the 7 June planting in early October
and then declined to less than 0.5 stink bug per 1.82 row-meters by mid- October (Fig.
11). The stink bug infestation for the 30 June planting was at a peak level of 4.8 adults
per 1.82 row-meters in mid- to late September during late stages seed development and
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remained at a high level until late October (Fig. 12). Nymphs of this species were
collected in low numbers on sorghum panicles in this planting in early October. The 12
July sorghum planting was infested with SGSB adults in late September and through
October during late seed development at levels of 0.5 to 2.0 adults per 1.82 row-meter
(Fig. 13).
Southern green stink bug infested sorghum during the vulnerable milk and softdough stages of seed development during mid- to late September and early October in
2006. The 25 September and 2 and 9 October infestations were at a greater level in the 30
June planting than the other plantings (F= 20.18, df= 3,15, P= 0.0001; F=5.22, df= 3,15,
P= 0.0141, and F= 6.33, df= 3,15, P= 0.0075, respectively). By 16 October, all sorghum
plantings were infested with similar levels of SGSB adults (F= 2.90, df= 3,15, P=
0.0735). At hard-dough and mature seed stages in late October, SGSB infestations
increased once again to a high level of 4.8 adults per 1.82 row-meters, a level greater than
that observed in the other plantings at this time (F= 3.54, df= 3,15, P=0.0439).
Sorghum seed yield was not recorded in 2006 because drought had reduced plant
levels differently in each planting making samples unequal for acceptable measurements.

DISCUSSION
The observations that SGSB adults and nymphs were in extremely small numbers
during the spring on non-crop grasses surrounding field sites later planted to sorghum,
corn, cotton, and soybean during 2005 and 2006 indicate that this species apparently
survived at a relatively low population level during the winter months. No GSB adults or
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nymphs were collected on this vegetation during 2005, but a few GSB nymphs were
found in the grass samples during 2006. A relatively large number of RSB adults and
nymphs were collected in the grass samples in both 2005 and 2006. Hall and Teetes
(1981) found SGSB, BSB, RSB, leaffooted bug, Leptoglossus phyllopus (L.), and
redshouldered stink bug, Thyanta accerra (McAtee), on different alternate host plant
species in the vicinity of commercial sorghum from April to June, but no green stink bugs
were found. In the present study, the presence of SGSB and GSB on grasses in early
spring before crops are planted indicates that the first generation of these stink bugs can
be established on these wild host plants. Studies in Arkansas (Miner 1966) and Louisiana
(Newsom et al. 1980) found that the first generation of SGSB and GSB develops almost
entirely on wild hosts. Jones and Sullivan (1981) reported that stink bugs begin emerging
from their overwintering quarters during March, but do not usually become a problem in
soybean until September and October in South Carolina. They reported that SGSB
produce several generations each year on cultivated crops, but require other food plant
species during spring and summer on which to increase in number before colonizing
crops like soybean in late summer.
The results of the present study appear to agree with ecological studies with
SGSB and GSB in Arkansas (Miner 1966) and Louisiana (Newsom et al. 1980) revealing
that non-crop grasses serve as an early spring host, and studies in South Carolina showing
that the SGSB is multivoltine (Jones and Sullivan 1981). The green stink bug has been
reported to be univoltine in the more northern regions of the United States, as well as in
Canada (Underhill 1934, Esselbaugh 1948, Javahery 1990), but studies in Arkansas
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(Miner 1966), South Carolina, (Jones and Sullivan 1982), and Kansas (Wilde 1969)
reported this stink bug to be bivoltine. Collections of GSB nymphs on grasses in May
during the present study suggests that this stink bug is bivoltine in Mississippi, and
further indicates that the first generation can occur on grasses and the second generation
principally on cultivated crops.
Corn did not appear to be attractive as a host for SGSB or GSB during this 2005
and 2006 study in Mississippi, and a relatively small number of both species were
collected on cotton. However, McPherson and McPherson (2000) reported that both stink
bug species attack corn and cotton. These stink bugs were attracted to soybean during
flowering stages in July when cotton was also in reproductive stages. This indicates that
these stink bugs prefer flowering soybean over sorghum, corn or cotton at this time.
Bundy and McPherson (2000) also reported that pentatomids prefer soybean when
compared with cotton.
In the present study, soybeans were initially attacked by first generation SGSB
adults during flowering (R1–R2) stages and the infestation reached highest levels when
seeds were fully developed (R6). Similar observations were reported by Gore et al.
(2006). Schumann and Todd (1982) reported that this preference for fully developed
soybean seed can be related to the largest quantity and highest quality of food at this
stage of seed development, thus supporting high concentrations of stink bugs.
Non-crop grasses and soybean appeared to serve as important hosts in the
dynamics of stink bug populations in this study area in Mississippi. Stink bugs disperse
from wild grasses to soybean when the soybean crop is in reproductive stages. Some
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form of weed management around crop production fields could limit stink bug
establishment on these host plants especially during seed development of grass species,
thus reducing the number of adults that develop on these hosts and later move to crop
plants during the crop growing season.

Sorghum Plantings
The first two sorghum plantings in mid- to late May were not infested with either
SGSB or GSB in 2005 or 2006. Sorghum planted in early June was attacked by lower
numbers of SGSB than sorghum planted in mid- to late June or early to mid- July. The
SGSB moved into sorghum in late August when sorghum was in the milk stage of grain
development. Movement of SGSB from soybean to sorghum coincided with the attractive
milk and soft-dough reproductive stages of sorghum. Crop yields in 2005 clearly indicate
the benefit of planting sorghum early in Mississippi, as yields were significantly greater
in the May and early June plantings than in late June or early July plantings.
According to Gore et al. (2006), little work has been done to determine if the
early soybean production system that has been adopted in the mid-South in the United
States has an impact on stink bug populations in other crops and on wild host plants. As
indicated previously, although stink bug numbers are at relatively low levels on grasses,
it appeared that this non-crop vegetation is an important host for stink bugs during spring
and early summer, as is soybean and sorghum in late summer and early fall in the
population dynamics of this pest complex in Mississippi. Although corn has been
reported to be a host for stink bugs, these pests did not infest this crop in the present
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study which suggests that this host is not as important as soybean or cotton in the early to
mid- season pest population dynamics. Pest control tactics to manage infestations of
SGSB on soybean can be an effective cropping systems pest management practice for
this stink bug as a pest on late- planted sorghum, as these insects are attracted to the
sorghum crop during seed development stages after soybeans are no longer attractive.
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Figure 1. Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on soybean planted 12 May. (Soybean
stages: V=Vegetative, R1=Beginning bloom, R2=Full bloom, R3=Beginning
pod, R4=Full pod, R5=Beginning seed, R6=Full seed, R7= Beginning
maturity, R8= Full maturity). Starkville, MS. 2005.
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Figure 2.

Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on soybean planted 15 May. (Soybean
stages identified in Fig. 1 title). Starkville, MS. 2006.
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Figure 3. Total number of southern green stink bug (SGSB) adults in six sorghum
plantings, Starkville, MS. 2005.
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Figure 4.

Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on sorghum planted 2 June. (Sorghum
stages: V=Vegetative, F=Flowering, MS=Milk stage, SD= Soft-dough,
HD=Hard-dough, M=Mature seed). Starkville, MS. 2005.
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Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on sorghum planted 13 June. (Sorghum
stages identified in Fig. 4 title). Starkville, MS. 2005
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Figure 6.

Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on sorghum planted 24 June. (Sorghum
stages identified in Fig. 4 title). Starkville, MS. 2005
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Figure 7.

Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on sorghum planted 5 July. (Sorghum
stages identified in Fig. 4 title). Starkville, MS. 2005.
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Figure 10.

Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on sorghum planted 7 June. (Sorghum
stages identified in Fig. 4 title). Starkville. MS. 2006
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Figure 11. Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on sorghum planted 19 June. (Sorghum
stages identified in Fig. 4 title). Starkville, MS. 2006
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Figure 12. Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on sorghum planted 30 June. (Sorghum
stages identified in Fig. 4 title). Starkville, MS. 2006
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Figure 13. Average number of southern green stink bug (SGSB) and green stink bug
(GSB) adults (A) and nymphs (N) on sorghum planted 12 July, (Sorghum
stages identified in Fig. 4 title). Starkville, MS. 2006.
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CHAPTER III
FEEDING DAMAGE BY SOUTHERN GREEN STINK BUG, NEZARA VIRIDULA
(HEMIPTERA: PENTATOMIDAE) ADULTS AND NYMPHS ON GRAIN
SORGHUM PANICLES

ABSTRACT
Feeding damage by southern green stink bug (SGSB), Nezara viridula (L.), to
sorghum seed, Sorghum bicolor (L.) Moench, was evaluated in the field in Mississippi in
2006. Adults or nymphs were confined in nylon screen cages (50 x 50 x 50 cm) placed
over sorghum panicles during the milk, soft-dough, or hard-dough stages to seed
maturity. Individual sorghum panicles were infested with either 1, 2, 3, 4 or 5 adults in
one study and either 2, 5, 10 or 20 2nd instar nymphs in a second study. Feeding injury on
the seed by adults or nymphs was similar. Four adults or 10 nymphs per panicle during
milk stage to seed maturity resulted in increased number of punctures per seed, lower
seed weight, and seed germination compared with other infestation treatments at this
plant growth stage. The economic damage levels for this stink bug on milk stage sorghum
appeared to be 3 adults or 6 to 9 nymphs per panicle. During soft-dough to seed maturity
stages, the treatments with 4 or 5 adults or 20 nymphs had greater number of punctures
per seed and either lower or about equal seed weight and seed germination than panicles
infested at the other respective infestation levels. Adults or nymphs at infestations tested
did not reduce seed weight when confined on panicles during hard-dough to seed
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maturity stages of seed development. However, seed in the hard-dough to seed maturity
stages exposed to 20 nymphs per panicle had a significantly lower level of seed
germination than seed infested at this seed development stage with 2, 5 or 10 nymphs per
panicle (21, 18, and 18%, respectively).

INTRODUCTION
Sorghum has been reported as a host plant for a number of species of paniclefeeding bugs in North America, including southern green stink bug (SGSB), Nezara
viridula (L.) (McPherson and McPherson 2000). The panicle-feeding bugs attacking

sorghum tend to vary across North America, with certain species being abundant in some
areas, but not in others (Hall and Teetes 1981).
Southern green stink bug adults may move from alternate host plants to infest
sorghum panicles to feed and lay eggs, and nymphs develop on the panicles (Hall et al.
1983). Stink bugs may attack all parts of the sorghum plant including stems, petioles,
foliage, flowers and fruit/seeds (McPherson and McPherson 2000). Both nymphs and
adults can reduce sorghum grain size and weight and seed germination (Cronholm et al.
1998).
Determining economic threshold levels of insect damage to plants is one of the
most fundamental aspects in designing a control strategy for insect pest infestations.
Without an understanding of the relationship between insect numbers and crop damage,
entomologists have no basis on which to make recommendations and growers have no
guidelines for economic decisions in pest management programs (Pedigo 1972).
Thresholds that have been reported for panicle feeding insect pests on sorghum have been
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based on numbers of insects per sorghum panicle and plant development (Hall and Teetes
1982b, Merchant and Teetes 1992).
Sorghum is most susceptible to stink bug damage when the plant is attacked in the
milk stage, and amount of damage is directly related to density of stink bugs (Hall and
Teetes 1982b). A damage threshold has been reported to be 4 adults per panicle from
milk stage to seed maturity (Hall and Teetes 1980) or 8 stink bug adults per panicle
during soft-dough stages (Buntin 2005).
No research has been conducted on damage caused by SGSB adults or nymphs on
sorghum in Mississippi. Studies using infestations of adult panicle-feeding bugs,
including SGSB, have been reported in other regions of the United States (Hall and
Teetes 1982a,b, Hall et al. 1983, Merchant and Teetes 1992), but no studies have been
conducted with SGSB nymphs on sorghum panicles. The objectives of this study were to
determine damage to sorghum seed by SGSB adults or nymphs and infestation levels
responsible for crop damage when sorghum is infested at different stages of panicle
development.

MATERIALS AND METHODS

To evaluate SGSB damage to sorghum seed, adults or nymphs were caged on
individual sorghum panicles at specific times (treatments) during seed development at the
Rodney R. Foil Plant Science Research Center, Starkville, MS in 2006. The sorghum
hybrid Terral TV-1050 was planted on 5 July to be used for both adult and nymph
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studies. Treatment plots were established in a randomized complete block design using
four replications and five uniform panicles (same stage and size) per treatment plot.
Lightweight nylon sleeve-type cages were used to cover individual panicles.
Because sorghum panicles develop through anthesis (flowering stage) over a period of
seven to ten days, depending upon variety, seeds in the panicle are in various stages of
development during most of panicle maturation. Stink bugs were confined on panicles at
three stages of panicle seed development, namely milk stage (8 days past 50%
flowering), soft-dough stage (10 days past milk stage), or hard-dough stage (10 days past
soft-dough stage) through seed maturity for a total of 38, 30, and 20 days, respectively.

Adults

Each of the three stages of panicle development was infested with 1, 2, 3, 4, or 5
SGSB adults collected from soybeans. Five uniform panicles for each treatment were
selected. Uninfested caged panicles served as the control. Caged panicles were examined
every five days to replace dead stink bugs with live stink bugs collected on soybean and
of similar age to those in the cages to maintain uniform infestation levels in each
treatment. Stink bugs remained in the cages until seed were mature and harvested, and
their activity in the cages was disturbed as little as possible.
Sorghum seed was hand harvested at seed maturity to determine seed damage. Two
hundred seeds were removed at random from each of the five panicles in each replicated
treatment and combined to determine weight of 1,000 seed, number of feeding punctures
per seed, and seed germination level. Two sub-samples of one hundred seeds each were
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drawn at random from this seed pool to represent each treatment plot in determining
number of feeding punctures per seed and seed germination. Seeds were weighed on an
analytical balance A-160 (Instrument Company, Denver, CO. USA).
A stylet sheath staining procedure was used to positively identify specific stink bug
feeding sites on the seed (Bowling 1979). Seeds were soaked in an acid fuchsin dye to
stain stylet sheaths to facilitate their detection. The staining solution contained one part
each phenol, lactic acid, and distilled water and two parts glycerine, plus enough acid
fuschin to produce a dark red color. Seeds were placed in the solution for one hour and
then removed and rinsed in tap water. The seed were stored at 4 0 C and observed with the
aid of a stereoscope at a convenient time. Stylet sheaths could be accurately identified
when stained and viewed under magnification.
Seeds from each treatment were placed on moist filter paper in Petri dishes (25
seeds per dish) arranged as four replications per treatment in a randomized complete
block design in the laboratory at 19-220C. Percent seed germination and condition of the
seed was determined after five days.

Nymphs

Stink bug nymphs (2nd instars) were caged on individual panicles as described above
for adults. Panicles were infested with 2, 5, 10 or 20 nymphs during the milk, soft-dough,
or hard-dough stages of seed development. Second instars were used because 1st instars
have a high mortality level when disturbed and nymphs start feeding only after their 1st
instar moult (Velasco and Walter 1992). Cages were examined and dead nymphs were
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replaced as described for adults. The nymphs were allowed to mature to adults if in the
cages for sufficient time to complete their development. By the time the nymphs had
matured to adults, the sorghum seed had matured to a stage that was generally not
susceptible to stink bug damage (Hall et al. 1983). Test design and procedures to
determine damage to seed were as described for adult stink bugs.

Statistical Analysis

Data were subjected to one-way analysis of variance (ANOVA) using PROC GLM
procedures, and treatment means were separated by Duncan’s multiple range test (SAS
9.1 version) (SAS 2002).

RESULTS

Adults

Results from the study in which adults were confined on sorghum seed panicles
during milk stage to seed maturity, soft-dough stage to seed maturity, or hard-dough
stage to maturity indicate that SGSB reduced seed weight and seed germination, and
infested panicles had a high number of seed with stink bug feeding punctures (Table 1).
Sorghum infested during the milk stage to seed maturity had the greatest reduction of
seed weight when panicles were infested with 4 or 5 stink bugs per panicle than when
infested with lower numbers of stink bugs. Infestations during soft-dough stage to seed
maturity resulted in somewhat similar results to that obtained when infestations occurred
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at milk stage to seed maturity with lowest seed weight at an infestation of 5 stink bugs
per panicles when compared with the uninfested.
Seed germination tests revealed greater reduction in seed viability for seeds
exposed to 4 or 5 stink bug adults during milk stage to seed maturity and soft-dough stage
to seed maturity than when exposed to lower numbers of stink bugs during these
respective seed development stages (Table 1). Stink bug adults did not influence seed
germination when infestations occurred during hard-dough stage to seed maturity.
Stink bug feeding punctures on the seed increased as the number of stink bugs per
panicle increased, with greatest number of punctures on seed infested with 5 stink bug
adults per panicle (Table 1). Seed exposed to stink bug during milk stage to seed maturity
and soft-dough stage to seed maturity exhibited stink bug feeding punctures, whereas
seed exposed during hard-dough stage to seed maturity did not.

Nymphs

Sorghum infested with 10 or 20 SGSB nymphs per panicle during milk stage to
seed maturity had the lowest seed weight compared with stink bug infestations at lower
levels (Table 2). Sorghum panicles infested with 20 nymphs during soft-dough stage to
seed maturity had lower seed weight than panicles infested with 2 stink bugs per panicle,
but was similar to infestations of 5 or 10 stink bugs per panicle (Table 2). Infestations at 2
to 20 stink bugs per panicle had no effect on seed weight when infestations occurred at
the hard-dough stage to seed maturity.
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Germination test indicated that SGSB infestation levels of 10 or 20 nymphs per
panicle reduced seed viability compared with infestations of 2 or 5 stink bugs per panicle
at milk stage to maturity (Table 2). Only the infestation of 20 stink bug nymphs per
panicle reduced seed germination at soft-dough stage to seed maturity and hard-dough
stage to seed maturity.
As with SGSB adult feeding on the panicle, the percentage of seed punctured by
stink bug nymphs generally increased as infestation levels increased (Table 2). Levels of
punctured seed were greater at stink bug densities of 10 or 20 nymphs per panicle during
milk stage to seed maturity and soft-dough stage to seed maturity than at lower
infestation levels at these two seed development stages. No seed punctures were observed
on seed exposed to SGSB confined on panicles in hard-dough stage to seed maturity.

DISCUSSION
Studies reporting comparisons of the damage by SGSB adults and nymphs on
sorghum are limited in the literature. Cronholm et al. (1998) mentioned that both SGSB
nymphs and adults can reduce grain sorghum seed size and seed germination. Studies
with other panicle feeding bugs, e.g., rice stink bug on rice, Oebalus pugnax pugnax
(Fab.) (Swanson and Newsom 1962, Bowling 1979,), reported that the feeding by
nymphs and adults on rice damaged the grain and that both stages cause similar damage.
In the present study, SGSB adults and nymphs caused significantly greater damage
to sorghum seed when panicles were infested from milk stage to seed maturity (28 days)
and from soft-dough stage to seed maturity (20 days) with 4 or 5 adults or 20 nymphs per
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panicle, respectively, than if infested with lower numbers of stink bugs of the specific
growth stages. This stink bug did not reduce seed weight when panicles were infested
from hard- dough stage to seed maturity (10 days) when as many as 5 adults or 20
nymphs were confined on each panicle. Similar results were reported by Hall and Teetes
(1982b) using 4 SGSB adults. Wiseman and McMillian (1971) reported that some stink
bugs can damage the developing sorghum kernel resulting in a reduction in seed weight.
According to Hall and Teetes (1982b), weight per 100 undamaged sorghum seeds from
panicles infested with SGSB adults was less than uninfested seeds. They suggested that
seed mold was probably responsible for this indirect effect on seed weight.
Seed germination was significantly reduced by 4 or 5 stink bug adults per panicle
during milk stage to seed maturity (25 and 27%, respectively) and soft-dough stage to
seed maturity (22 and 30%, respectively), but not hard-dough stage to seed maturity, and
in all panicle stages in the nymph study. Ten and 20 nymphs per panicle significantly
reduced germination during milk stage to seed maturity (25 and 47%, respectively), but
20 nymphs per panicle were required to reduce germination during soft-dough stage to
seed maturity and hard-dough stage to seed maturity. Panizzi and Slansky (1985)
reported that damaged seed may become fused abnormally to the cotyledons and this
injury can adversely affect seed germination. According to Jensen and Newson (1972),
stink bug punctures on the axis of the radicle-hypocotyl (critical area) of soybean seed
can prevent germination. As the number of stink bug punctures increases, the probability
that one of the punctures will be in the critical area increases.
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As sorghum seed matures and becomes hard, stink bugs have greater difficulty in
successfully feeding on the seed. Location and number of stylet sheaths indicate that
SGSB adults feed on glumes, braches and stems of sorghum panicles in addition to seeds
(Hall and Teetes 1982b). The number of stylet sheaths on stem and braches of panicles
infested during the milk, soft-dough, and hard-dough stages indicate that non-seed
feeding tends to increase as seed development progresses (Hall and Teetes 1982b).
In the present study, feeding punctures on the seed increased as the number of
SGSB adults or nymphs increased. Hall and Teetes (1982b) observed that the mean
number of feeding punctures per sorghum seed and percentage of seeds damaged
(punctured) per panicle increased as the number of bugs per panicle increased. According
to Hall et al. (1983), true bugs may puncture every seed on a sorghum panicle, and some
seeds may each have more than 10 feeding wounds. The number of feeding punctures per
sorghum seed and percentage of seeds punctured on stink bug infested panicles were
reported to depend on infestation period and number of stink bugs present (Hall and
Teetes 1982b). In the present study, the maximum number of feeding punctures observed
was 4.5 per seed for seed exposed to SGSB during milk stage to seed maturity when 20
nymphs were confined on the panicle and 3.1 punctures per seed during the same stage of
panicle development when 5 adults were confined on the panicle.
Sorghum seed germination decreased when the level of SGSB adults and nymphs
increased. The greatest reductions of seed germination were 25 and 27% when sorghum
panicles were infested with 4 or 5 adults, respectively, during milk stage to seed maturity,
30% when panicles were infested with 5 adults during soft-dough stage to seed maturity,
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and 25 and 47% when 10 or 20 nymphs, respectively, were confined per panicle during
milk stage to seed maturity. During hard-dough stage to seed maturity 5 adults per
panicle did not reduce seed germination, but when 20 nymphs were confined per panicle
during this seed development stage, there was a 21% reduction in seed germination.
Hall and Teetes (1982b) reported a reduction of sorghum seed germination when
panicles were infested with 16 SGSB adults during milk, soft-dough, and hard-dough
stages of grain development, but the reduction was much less when panicles were
infested during hard-dough stage to seed maturity. They found that panicles infested with
SGSB adults during milk stage to seed maturity, and to a lesser extent from soft-dough
stage to seed maturity, showed high percentages of seed mold, especially at an infestation
level of 16 bugs per panicle. In the present study, greater than 95% of the seed in all
treatments, including the uninfested controls, were contaminated with unidentified seed
molds. Some reduction in seed germination in the present study may be attributed to seed
molds, but this association was not determined.
In the present study, reductions in sorghum seed weight and seed germination were
associated with numbers of stink bugs per panicle and stage of grain development. Both
SGSB adults and nymphs caused greater reductions in seed weight and seed germination
when sorghum panicles were infested during milk stages to seed maturity than when
panicles were infested at later stages of panicles development. Based on these data, the
damage thresholds for SGSB adults and nymphs on sorghum during milk stage to seed
maturity were 4 and 10 stink bugs per panicle, respectively. At these stink bug densities,
seed weight decreased 8-12%. Using a 6750 kg/ha average yield and a price of $3 per 27
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kg, this would be approximately a $ 75/ha loss to the grower, which exceeds the cost of a
single insecticide application. Therefore, it is expected that the economic thresholds for
SGSB adults or nymphs on sorghum in the milk stage of panicle development to be 3
adults or 6 to 9 nymphs per panicle. Hall and Teetes (1980) reported a similar economic
threshold for SGSB adults in Texas. This level of SGSB adults during soft-dough stage to
seed maturity negatively affected seed germination, but not seed weight. No reductions in
seed weight or seed germination were found when 5 stink bug adults were confined on
sorghum panicles during hard-dough stage to seed maturity; whereas twenty nymphs per
panicle during soft-dough and hard-dough stages to seed maturity reduced seed
germination, but had limited negative affect on seed weight.
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Table 1 Damage by southern green stink bug adults to sorghum seed.
Starkville, MS. 2006.

Panicle stage

Milk stage to
seed maturity

Soft-dough stage to
seed maturity

Hard-dough stage to
seed maturity

Bug
density

Mean damage
Wt (g)
% seed
1,000 seed germination

Number
punctures/
seed

0
1
2
3
4
5

30.9 a*
31.0 a
30.8 a
30.3 a
27.1 b
25.1 b

76.5 a
70.5 a
75.5 a
68.3 a
51.6 b
49.5 b

0.0 c
0.0 c
0.5 c
1.7 b
2.0 b
3.1 a

0
1
2
3
4
5

30.7 a
29.4 ab
29.9 a
28.6 ab
27.3 ab
25.2 b

72.5 a
65.5 a
68.8 a
66.5 ab
50.8 bc
43.0 c

0.0 c
0.0 c
0.3 c
1.1 b
1.0 b
2.1 a

0
1
2
3
4
5

31.1 a
30.8 a
29.5 a
30.4 a
30.2 a
28.5 a

75.5 a
69.8 a
75.8 a
72.5 a
73.3 a
74.5 a

0.0
0.0
0.0
0.0
0.0
0.0

*Means in the same column within each panicle stage followed by the same letter are not
significantly different (P =0.05) by Duncan’s multiple range test.
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Table 2 Damage by southern green stink bug nymphs to sorghum seed.
Starkville, MS. 2006.

Panicle stage

Milk stage to
seed maturity

Soft-dough stage to
seed maturity

Hard dough stage to
seed maturity

Bug
density

Mean damage
Wt (g)
% seed
1,000 seed germination

Number
punctures/
seed

0
2
5
10
20

32.8 a*
32.2 a
31.4 a
30.0 b
22.8 c

83.5 a
80.8 a
78.9 a
58.2 b
36.2 c

0.0 d
0.2 d
1.1 c
2.4 b
4.5 a

0
2
5
10
20

32.0 a
31.0 a
30.2 ab
30.2 ab
28.3 b

86.4 a
84.1 a
88.2 a
86.6 a
52.4 b

0.0 c
0.0 c
0.3 c
1.5 b
2.7 a

0
2
5
10
20

31.8 a
31.2 a
31.2 a
31.8 a
30.8 a

87.7 a
86.9 a
84.2 a
84.1 a
66.4 b

0.0
0.0
0.0
0.0
0.0

*Means in the same column within each panicle stage followed by the same letter are not

significantly different (P =0.05) by Duncan’s multiple range test.
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CHAPTER IV
CONCLUSIONS

Stink Bug Ecological Relationships with Host Plants in a Crop Ecosystem

This study in 2005 and 2006 suggests that non-crop grasses served as an early
spring food source for SGSB and GSB prior to their movement to soybean (maturity
group V) or cotton to establish a second generation in the study location in Mississippi.
Corn was not infested with stink bugs in this study, although both SGSB and GSB were
found in low numbers on corn in other fields in this area (personal observation). Green
stink bug is reported to be univoltine in northern states in the United States, and appeared
to be bivoltine in this study, whereas SGSB was multivoltine in this location in
Mississippi. Soybean was infested with SGSB from beginning bloom stage (R1) through
full mature seed stage (R8) when infestation reached highest level. This species moved to
attack sorghum during panicle and seed development.
Southern green stink bug population dynamics can be predicted on soybean and
sorghum based on phenological development of each crop, with both crops being most
attractive to this stink bug species during their reproductive stages. With the current
recommended practice of planting early maturity group soybeans in an early season
production system (ESPS), this crop will mature early and the crop reproductive stage
that is attractive to stink bugs may coincide with the attractive reproductive stage of
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sorghum. As soybeans are more attractive to stink bugs than sorghum, the insects may
remain on soybean during the time that the sorghum crop successfully develops through
seed maturity. However, if sorghum is planted later than recommended in a cropping
system with soybeans and the soybeans in the ESPS system mature about the time that
sorghum begins reproductive stages, stink bugs will move to the attractive sorghum
panicles to damage the seed. Some stink bug control tactic will be required to protect the
sorghum panicles. Stink bug control tactics that are required to protect soybean will
reduce pest number that could be responsible for later damage to the sorghum crop.
Green stink bug was of little importance as a pest of sorghum in this study.

Stink Bugs Associated with Sorghum Plantings

Sorghum plantings during May were not infested with SGSB or GSB; whereas,
plantings in mid- to late June or early to mid- July were infested with moderate to high
infestations of SGSB during milk and soft-dough stages of seed development. In this
study the green stink bug was not a serious pest of either cotton or sorghum, whereas
SGSB developed large populations on soybean before they moved to sorghum.

Stink Bug Feeding Damage to Sorghum

Significant loss of sorghum seed weight and seed germination occurred when
panicles were infested from milk stage to seed maturity (28 days) with four adults and
from soft-dough stage to seed maturity (20 days) with 10 nymphs. However, seed weight
was not reduced when panicles were infested with these levels of stink bugs from hard54

dough stage to seed maturity (10 days). Four and 5 adults per panicle cause significant
reduction in seed germination during milk stage to seed maturity (25 and 27%,
respectively) and soft-dough stage to seed maturity (22 and 30%, respectively). Ten or 20
nymphs per panicle cause significant reduction in seed germination during milk stage to
seed maturity (25 and 47%, respectively), but 20 nymphs per panicle were required to
reduce seed germination during soft-dough stage to seed maturity and hard-dough to seed
maturity. Feeding punctures on the seed increased and seed germination decreased as the
number of SGSB adults and nymphs increased. The maximum number of feeding
punctures observed was 4.5 per seed for seed exposed to SGSB during milk stage to seed
maturity when 20 nymphs were confined on the panicle, and 3.1 punctures per seed
during the same stage of panicle development when 5 adults were confined on the
panicle. Feeding punctures by SGSB were not found on seed exposed during hard-dough
stage to seed maturity. However, during hard-dough stage to seed maturity, there was still
a 21% reduction in seed germination when 20 nymphs were confined per panicle.
A damage threshold for SGSB adults and nymphs on sorghum when panicles
were infested from milk stage to seed maturity in this study was 4 and 10 stink bugs per
panicle, respectively. Four and 20 SGSB adults or nymphs, respectively, reduced seed
germination, but had limited affect on seed weight, when panicles were infested during
soft-dough stage to seed maturity. No reductions in seed weight or seed germination were
found when adults were confined on sorghum panicles during hard-dough stage to seed
maturity. Twenty nymphs per panicle reduced seed germination, but not seed weight.
These data suggest that an economic threshold for SGSB adults and nymphs on sorghum
55

during milk stage to seed maturity might be 3 adults or 6 to 9 nymphs per panicle. No
reductions in seed weight or seed germination occurred when 5 SGSB adults were
confined on sorghum panicles during hard-dough stage to seed maturity; whereas, 20
nymphs per panicle during soft-dough and hard-dough stages to seed maturity reduced
seed germination, but had limited or no negative affect on seed weight. The reduction in
sorghum seed weight and seed germination can be related to the number of stink bug
adults or nymphs per panicle and stage of seed development.
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